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Chapter 6  
 




Over recent decades, research evidence showed that the brain not only controls the 
so-called autonomic nervous system, but that it also has considerable influence on 
physiological endocrine and immunological responses1. This knowledge was used to 
design the experiments discussed in this thesis. By examining the individual 
differences in central and peripheral responses to psychosocial stress and social 
emotional behaviour, we argued in line with the conjecture that the neuroanatomical 
substrates for subjective emotion in humans are based on an (Meta)-representation of 
a physiological state of the body2. In this thesis, we examine individual differences in 
emotional and stress experience in terms of genetic and interpersonal reactivity 
differences.  
In chapter 2, we demonstrated that certain brain regions like the anterior 
cingulate are commonly recruited during the induction of sadness, happiness and fear, 
although some brain areas tend to be more selectively recruited during the processing 
of individual emotions. This intriguing finding does indeed underscore a very 
important point of the present thesis: that emotion, to some extent, generally alters the 
homeostatic balance of the body leading to heightened attention and autonomic 
arousal. The argument for this reasoning is that increased arousal and attention are 
able to also recruit the cingulate cortices3-8. In line with our findings, it has been 
argued that by studying emotions in the laboratory using complex social stimuli like 
films or pictures, several processes encompassing affective, perceptual, mnemonic 
and experiential processes are recruited during exposure to such stimuli9. Each of 
these different subcomponents is likely being implemented in different, but 
overlapping and interconnected circuitries. Thus we tentatively interpreted our 
findings of the existence of a common neural response to the processing of sadness, 
happiness and fear as likely demonstration of a mapping of the bodily arousal 
mechanisms that may underlie these emotions. Such an empirical finding converges 
with an earlier speculation of William James when he wrote that: any classification of 
the emotions is seen to be as true and as ‘natural’ as any other, if it only serves some 
purpose; and such a question as “what is the real’’ or ‘typical’ expression of anger, or 
fear?” is seen to have no objective physiological meaning at all2. 
In chapter 3, we investigated the role of individual differences in empathic 
evaluation of other people’s emotional experiences on the pattern of neural 
activations while watching gustatory emotions of others. Earlier reports have shown 
disgusting gustatory and olfactory stimuli, but also pain related noxious stimuli that 
are strongly related to bodily feeling states, recruit the human anterior insula and 
frontal operculum10. We capitalized on these findings and tested the hypothesis that 
individuals high on social empathy will also recruit their brain areas that map their 
bodily experiences during the observation of similar experiences in others more so 
than individuals low on empathy. As expected, we found that the degree of activation 
of the insula/frontal operculum during the observation of other people’s gustatory 
emotions to be a function of their ability to empathize with others.  
These results demonstrate for the first time that when people reported a higher 
tendency of being aroused by the emotions of others, they in fact activate their insula 
 95 
more during the actual witnessing of emotionally arousing experiences of others than 
those who reported a lower tendency. Given the common phenomenon that emotions 
are contagious in a social context, such a finding may suggest that individuals may 
simulate the emotional states of others by generating similar arousing bodily states in 
themselves, in order to feel/sense what the others were feeling. In other words, if 
perception of somebody else’s feelings can change my physiological state (and 
thereby homeostasis), I may feel what you that person is feeling (literally). Such a 
mechanism may be part of the biological basis of emotional contagion.  
We found that the endocrine and behavioral response to psychological stress 
was modulated by allelic variations in COMT genotypes as described in chapter 4. 
We showed that the modulatory role of this genotype in endocrine stress response 
differed as a function of the degree of susceptibility to MD. In line with our COMT 
related findings during stress, this genotype has been implicated in modulating µ-
opioid neurotransmitter responses to a pain stressor11. Of interest to this finding, the 
µ-opioid receptor gene polymorphism was also independently found to contribute to 
interindividual variation in the manner in which pain produces depression or anxiety12. 
Furthermore, COMT met allelic load was found to influence the degree of functional 
neuroanatomical response to negative emotional stimuli13,14. This genotype has been 
shown to be critical for prefrontal dopamine flux, prefrontal cortex-dependent 
cognition and activation, and has been implicated in the pathogenesis of emotional 
disorders and schizophrenia15-18.  
These results show for the first time that genetic differences do not only 
determine vulnerability to psychiatric disorders, but that genes might likely mediate 
vulnerability through interaction with valid environmental pathogens (in this case 
exposure to psychosocial stress). These findings thus suggest a strong functional role 
for COMT allelic variation in human homeostatic maintenance, a dysfunction of 
which may underlie a series of disorders.Taken together, experimental studies that 
expose participants to physiological and psychological challenges in relation to 
candidate genes may assist in elucidating the role of genes in the pathogenesis of 
psychiatric disorders.  
In the final study of this thesis described in chapter 5, we demonstrated a main 
effect of 5-HTT and an interaction between COMT and MAOA on the peripheral 
ACTH stress response.  Specifically, we found that during experience of acute 
psychological stress, individual’s peripheral plasma ACTH response was modulated 
by the allelic variations of 5-HTT alone, as well on a combination of allelic variations 
of both COMT and MAOA. Part of this gene-environment interaction on the observed 
HPA axis response to stress was found to be sexually dimorphic. This sexually 
dimorphic nature of MAOA expression, whereby the dominance of endocrine stress 
response in low expression as compared to high expression MAOA variant in only 
males, may relate to recent findings of higher amygdala and hippocampal response 
during emotional memory retrieval and higher anterior cingulate activation during 
response inhibition19-21. Such a finding of an interaction between two polymorphic 
variations of monoaminergic genes that were earlier identified to metabolize 
catecholamines in affecting the glucocorticoid stress response is striking. For the first 
time, we showed that the presence of a high expression MAOA variant led to a 
silencing of COMT function in endocrine regulation of psychosocial stress. Indeed, 
only when individuals carry a low expression MAOA variant, does their COMT gene 
play an important role in the hormonal regulation of stress. Such a finding may have 
relevant pharmacological implications. Furthermore, this finding was supported by 
the follow up study using a pharmacological challenge by showing that only the role 
 96 
of MAOA in HPA axis regulation of the stress response survived multiple 
comparisons. Together, these results showed that even though multiple genes play a 
role in disease phenotypes, the effects of the various genes, though collective, may 
differ in significance. 
In line with our findings, several recent studies have shown the association of 
genetic variation of MAOA with various psychiatric conditions22-26. Studies in mice 
deficient in MAOA were shown to have elevated norepinephrine and serotonin levels 
in the brain, compared with normal wild-type mice. Additionally, these MAOA knock-
out mice exhibited enhanced aggression (e.g., in the resident-intruder test), and 
aberrant emotional behaviour27. The enhanced aggressive behaviour exhibited by the 
MAOA mutant mice is consistent with impulsive aggression reported many times in 
humans28-33.  
Most importantly, low activity MAOA allelic variation, associated with 
increased risk of violent behaviour, was shown to predict pronounced limbic volume 
reductions and hyper responsive amygdala during emotional arousal. On the other 
hand, a diminished reactivity of regulatory prefrontal regions during emotional 
arousal was found in the low activity MAOA individuals compared to high expression 
variant33. Previous reports confirmed an association between low expression variant 
MAOA with aggression and aberrant emotional regulation33.  In combination with our 
finding of an interaction between COMT and MAOA in HPA-axis response to 
psychological stress, whereby a combination of the low expression variants of both 
genotypes leads to elevated endocrine stress response, together, these findings 
suggests that low expression monoaminergic gene variants in general, may mediate 
vulnerability factors in the pathogenesis of emotional disorders.  
Interestingly, co-occurring diagnoses of substance abuse and mental disorders 
(e.g., schizophrenia, depression, or bipolar, anxiety, personality, conduct, or attention-
deficit/hyperactivity disorders) are highly prevalent34. Genetic variation including 
those involving monoaminergic genes, may partially underlie complex personality 
and physiological traits—such as impulsivity, risk taking and stress responsivity—as 
well as a substantial proportion of vulnerability to addictive diseases35. Specifically, 
low expression MAOA variation was shown to be associated with antisocial and 
anxious-depressive traits in alcoholic males36. Such findings make it apparent that a 
motivation or physiological drive stronger than our conscious concerns is at work 
fuelling our addictive behaviours37. Furthermore, comorbidity is known to be 
common between anxiety and depressive disorders, associated with other psychiatric 
disorders and frequently found coexisting with long-standing chronic medical 
conditions such as cardiovascular disease and diabetes mellitus38,39.  
Perhaps certain genetic markers may result to endophenotypes like HPA axis 
dysfunction, leading to susceptibility for some of these co-occurring neuropsychiatric 
disorders38,40. Given the strong evidence that multiple genetic mediation are involved 
in co-occuring neuropsychiatric conditions38,40, it might be important to investigate 
the roles some common underlying genetic mechanism play in homeostatic regulation, 
in the face of adverse environmental circumstances. 
Of importance to our present findings, gene expression profile of peripheral 
blood mononuclear cells (PBMCs) collected from trauma survivors, were recently 
shown to identify a gene expression ‘signature’ for post traumatic stress disorder 
(PTSD)41,42. In Segman et al41, patients were studied immediately following a 
traumatic event, 1 month, and 4 months later. Their results provide evidence that 
patterns of gene expression profile in PBMCs can identify survivors who either 
persistently manifested full criteria for acute and chronic PTSD or remained healthy at 
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follow up. Such a finding of a psychiatric correlate in peripheral blood, in 
convergence with our own finding is important. It shows that peripheral markers can 
be used to determine symptom/disease outcome in psychiatry when they are 
meticulously analyzed during disease onset42. 
In line with Segman et al4l, our findings showing evidence of monoaminergic 
gene’s modulatory role in peripheral endocrine response to psychological stress may 
have both theoretical and pharmacological implications. HPA-axis involvement in the 
maintenance of homeostasis during stress has been reported many times. One might 
speculate that an interaction between COMT and MAOA on peripheral endocrine 
responsivity to stress may be related to a combined influence of these genotypes on 
central catecholaminergic functioning, that might in turn affect CRH functioning. This 
has been supported by our finding of a stronger MAOA involvement in HPA axis 
regulation to the dex/CRH challenge than the other genotypes under study. Although 
future research is needed to verify this hypothesis, our findings of an additive effect of 
these genotypes on peripheral ACTH response to psychological stress strongly 
supports this idea.  
If replicated, such findings may stimulate the development of 
psychopharmacological agents that might be effective in targeting the underlying 
genetic vulnerabilities. For example, individuals suffering from stress-related 
disorders like MD who are homozygous carriers of the COMT met allele and the low 
activity MAOA allele, may in fact benefit more from pharmacological agents that will 
enhance the reuptake of their central catecholaminergic and serotonergic availability. 
 
6.2. Is Stress an Emotion? 
Grief and fear,  
when lingering,  
provoke melancholia 
    Attributed to Hippocrates fifth century BC 
 
Stress is a response to aversive stimuli and defined as “the nonspecific response of the 
body to any demand”43.  In both animals and man a longstanding idea has been that 
uncertainty, lack of information, or the absence or loss of control produce alarm 
states43. Conversely, the presence of information in the form of clear and salient 
safety signals and behaviours, that lead to positive outcomes or result in control, 
reduce or eliminate the alarm state with a concomitant reduction of physiological 
responses1. The stress system receives and integrates a diversity of cognitive, 
emotional, neurosensory, and peripheral somatic signals that arrive through distinct 
pathways44. Such a conceptualization of the stress response makes it an integral part 
of an adaptive biological system, similar to the general emotional response.  
The stress experience in complex organisms like humans, is however more 
complex than that of a single emotion. Activation of the stress system therefore leads 
to behavioural and physical changes that are remarkably consistent in their qualitative 
presentation and are collectively defined as the stress syndrome44. These changes are 
normally adaptive and time limited and improves the chances of survival. However, it 
is now well-documented that exposures to uncontrollable (inescapable and 
unpredictable) stress in adulthood can have profound effects on brain and behaviour 
and eventually lead to disease of various aetiologies45.  
By now we can relate to the fact that the Metmetians described in the 
introductory chapter are not weaklings. They are not soft hearted at all, but rather, 
they appear to be normal functioning people with genetic traits that make them 
vulnerable for a variety of stressors thereby increasing their vulnerability to stress-
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related emotional disorders when exposed to adverse circumstances like the disaster 
on the island of Hetzygon. As Kipling expressed it over a hundred years ago, treating 
triumph and disaster just the same is not a question of choice for Metmetians. 
Disaster, unlike triumph, causes a series of physiological conditions to the Metmetian 
body that result in long term mental and physiological health consequences simply 
due to their genetic makeup. Our empirical findings reported in the present thesis, 
coupled with numerous earlier findings, have shown that an individual’s genetic 
makeup does indeed influence their physiological and behavioral responses to 
environmentally challenging stimuli. 
 
If you can meet with triumph and disaster 
   And treat those two impostors just the same……. 
    
   If you can force your heart and nerve and sinew 
   To serve your turn long after they are gone, 
   And so hold on when there is nothing in you 
   Except the Will which says to them: “Hold on”……. 
 
   Yours is the Earth and everything that’s in it… 
      Rudyard Kipling 1895 
 
Acute experience of a stressful encounter like the Metmetian disaster, can 
trigger a cascade of emotional and physiological responses. If we take an average 
Metmetian survivor of the event that disturbed the innocence and peace of their island, 
e.g., losing many loved ones in a single traumatic event leads to unbearable grief. 
While the visible damages to both structural and social fabrics of society will 
constantly remind an average survivor of his loss and thereby repeatedly triggering a 
complex of emotions varying from the pain of loss, the disgusting reminder of 
cadavers of loved ones, the feeling of helplessness for not being able to do any thing 
about the pains and deaths of loved ones coupled with some form of guilt, unspecified 
anger, extreme sadness and frustration about the turn of events, will complicate the 
coping process even further. Moreover, an average Metmetian survivor may be 
constantly haunted with fear of an impending disaster looming from the mountain 
ranges. The question then if stress is an emotion, may not be easy to answer. 
Intuitively however, and based on the observations outlined above, stress might be the 
mother of a cascade of emotional experiences (see figure 6.1 below). 
Neuroendocrine markers activated by stressors include the increased secretion 
of EPI and NE from the sympathetic nervous system and adrenal medulla. The release 
of CRH and vasopressin from paraventricular neurons of the hypothalamus into the 
portal circulation, and seconds later, the secretion of ACTH, leading to secretion of 
glucocorticoids by the adrenal gland47, are all part of this cascade of response. CRH 
coordinates the endocrine, autonomic, behavioural and immune responses to stress 
and emotional experience, as well as acting as a neurotransmitter or neuromodulators 
in the amygdala, dorsal raphe nucleus, hippocampus and locus coeruleus, to integrate 
subcortical and cortical responses to these experiences47.  
In the present thesis, we did not map the neural representation of the human 
stress response, however, independent observations of the involvement of the anterior 
insula in the regulation of the human stress response48 converges with our findings of 
a central role of these regions in processing emotions during the experience and social 
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Figure 6.1. A modified model of the role of defence and coping in the stress-health chain as adopted from Ursin and Olff with 
the inclusion of the allostasis theory of McEwen as illustrated in the context of the Metmetian disaster1,46. This modified model 
is indeed valid for the experience and eventual health consequences of present day stressful life experiences. For example given 
the disease burden of psychiatric illnesses like major depression (believed to be the highest in the developed countries according 
to the latest WHO report), it is almost always a fact that the onset of the depressive episodes are triggered either directly or 
indirectly by adverse environmental circumstances relating to socio-economic issues (loss in terms of material. social status, 
social relationships, dead of a loved one that results to grief etc.), physical health (chronic disease of the physical body), long 
term uncertainties or difficulties. 
 
It is important to recognize that this neural/sensory system is part of an entire 
network involved in homeostasis, relating to the autonomic, hormonal (sensory) and 
behavioral mechanisms that maintains optimal physiological conditions of the body. 
Thus, although the stress experience may not be an emotion as we know it, it does 
indeed results to a cascade of emotional responses. In essence, unravelling the 
pathways and neurobiological mechanisms that underlie the regulation of physical 
and emotional stress responses in humans is of critical importance in our attempt to 
understand vulnerability and resilience factors relevant to the development of a 
number of complex physical and psychopathological states49. Together, the available 
evidence suggests similar bodily mechanisms underlying the human homeostatic 
maintenance both in response to psychosocial stress and social emotional interactions. 
These sensory mechanisms are strongly embodied and under the influence of 
individual’s genetic make up50. 
 
6.3. Conclusions and Future Directions 
In recent years, there has been rapid progress in identifying neurobiological systems 
that are essential in the regulation of negative affective states and in the maintenance 
of homeostasis. Bodily arousal responses to emotional stimuli, especially negative 
mood states, and stressful life experiences that recruit the HPA-axis response, in 
conjunction with the context of maintaining homeostasis, have emerged as 
neurobiological mechanisms plausibly linked to stress and emotional resilience and 
vulnerability to mood disorders. We showed that when individuals are exposed to 
socially relevant emotional stimuli, some brain regions that include cingulate and 
somatosensory regions are active regardless of the valence of the emotional exposure. 
Subsequently, we have demonstrated that by inducing emotional experience by means 
of gustatory stimuli, individual’s tendency of responding to the emotional experiences 
of others, with their own gustatory cortex, is strongly influenced by their degree of 
emotional arousability. 
Furthermore, our identified mechanism of the degree of endocrine and 
behavioral stress response being a function of met allelic loading is in convergence 
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with earlier reports of increased limbic reactivity to unpleasant stimuli. Thus the 
observations of increased limbic reactivity to unpleasant stimuli, in conjunction with 
increased subjective, endocrine and neurochemical responses to both psychological 
and physiological stressors, might be part of the underlying cause of the lower 
emotional resilience against negative mood states observed in individuals with higher 
met allelic load within the COMT genotype. We then demonstrated that individuals 
heterozygous of the 5-HTT gene showed exacerbated ACTH response to stress. 
Additionally, when higher met allelic loading (i.e., low expression variant of the 
COMT genotype) occurs in combination with low expression variant of MAOA, 
individuals show elevated ACTH response to psychological stress. Such expression 
patterns regarding our genetic variables in response to stress may imply that higher 
endocrine responses during acute psychological stress could be seen as an adaptive 
mechanism and may therefore represent adaptive stress response and not a 
vulnerability factor. It remains for future research to examine if these low expression 
gene variants, that lead to higher availability of monoaminergic neurotransmitters, are 
resilience factors to stressful experience or not. 
Ceteris paribus, the results of our studies that examined brain response to social 
emotional induction suggests that activations during the observation of social 
emotional stimuli may be correlates of body states that are similar to what is been 
observed in the other person. On the other hand, our genetic findings show that 
studies to date, designed to examine the role of genes in the aetiology of stress related 
disorders like major depression, may not be informative enough in examining the 
functional role of a single nucleotide polymorphism. Complex psychological traits 
like mental disorders have noisier genetic architectures like say malaria, and should 
therefore be treated as such. This has been supported by our findings of an interaction 
between COMT and MAOA in human endocrine response to psychological stress. 
These interactions showed the existence of additive effects of two monoaminergic 
genes in human endocrine stress responses. Such findings underscore the complex 
nature of gene-environment interactions and their roles in the pathogenesis of 
psychiatric disorders. These results may be seen as a small, but valuable contribution 
in understanding the physiological pathways to homeostatic regulation. 
In sum, humans are deeply social animals. A vast majority of humans today live 
in urban or semi urban settlements, making other humans the potential sources of 
stress and emotional experience. Evolutionary functions of stress and emotional 
experience are therefore mostly implicating social interaction, making social 
interactions critical for our emotional milieu and well being. We all know the 
phenomenon associating the stress experience with aversive social encounters, say an 
aggressive attack. Likewise, very positive social interactions with higher emotional 
values such as a wedding could none the less be surprisingly stressful. An important 
factor that governs these experiences is the differences between individuals in their 
reactivity to social environment.  
Here, our experiments spans interindividual differences in neural and endocrine 
response to social emotional and stressful stimuli to contribute to our awareness of 
how the human body deals with socially relevant environmental challenges. As our 
results have shown, tapping into neurobiological substrates underlying individual 
differences in social emotional cognitive concepts such as empathy, in conjunction 
with the mediatory roles of genes on peripheral bodily response to environmental 
challenges, may provide a window into the physiological mechanisms involved in the 
regulation of homeostasis and the maintenance of physical and mental health.   
 
